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Non-Targeted Analysis at 
the US EPA



1) Understanding causes       
of disease

“…70-90% of disease risks are                                               
probably due to differences in                                       
environments”

Exposure Science in the 21st

Century: What are Key Drivers?
2) Ensuring chemical safety     

and human/eco health

Slide from Jon Sobus



What is Non-Targeted Analysis?

 Targeted Analysis- the “known knowns”
 Covers <<1% of the exposome
 Can’t solve 21st century public health problems blinded 

to >99% of exposure data

 Suspect Screening Analysis (SSA)- the “known unknowns”
 Covers ~5-10% of the exposome
 Need rapid, efficient methods capable of measuring poorly studied compounds

 Non-Targeted Analysis (NTA)-the “unknown unknowns”
 Covers 90-95% of the exposome
 Need ways to characterize compounds that aren’t yet known to exist

Slide from Elin Ulrich



NTA for Discovery of Unknowns

1 Sample
1 Ionization Mode
300 Extracted “Molecular Features”

1) Prioritize “molecular features”
2) Correctly assign formulas
3) Correctly assign structures
4) Predict chemical concentrations
5) Determine chemical sources
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• Exposure surveillance
• What chemicals are in food, water, products, dust, blood, etc.?

• Chemical prioritization
• What are relevant chemicals & mixtures?

• Exposure forensics
• What are chemical signatures of exposure sources?

• Biomarker discovery
• What chemicals are associated with health impairment?

NTA Applications at EPA

Slide from Jon Sobus



19% of chemicals identified by NTA 
are on consumer product chemical 

lists

Chemical Surveillance in Consumer Products

Slide from Jon Sobus



Screening of a large number of trace organic 
compounds in drinking water using point-of-
use filters and suspect screening analysis 

Office of Research and Development
National Exposure Research Lab

Research Triangle Park

Seth R. Newton, Rebecca L. 
McMahen, Jon R. Sobus, Kamel 
Mansouri, Antony J. Williams, 
Andrew D. McEachran, and Mark J. 
Strynar



7 tap water samples from
5 municipalities
And 2 well water samples

Sampling
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Methods

Soxhlet
DCM:MeOH
80:20

Volume reduction to 5 mL

Analysis by 
HPLC-
Agilent 6210
TOF-HRMS



SSA Approach:

TOF-
MS

~15k
features 

(after 
excluding 

blank 
masses)

430
features 

assigned a 
formula 

(270
unique 

formulas)

10,621
candidate 
structures 
and data 
sources

Group A – 205
compounds that 
have toxicity and 

exposure data

Group B – 10,416
compounds that 

do not have 
toxicity and 

exposure data 

Group A1α – 91 compounds 
top data source, top ToxPi

Group A2β – 26 compounds 
not top data source, top ToxPi

Group A1β – 18 compounds 
top data source, not top ToxPi

Group A2β – 70 compounds 
not top data source, not top ToxPi

Group B1 – 196 compounds 
top data source

Group B2 – 10,220 compounds 
All remaining compounds

Masshunter
Molecular 

Feature 
Extractor

DSSTox V2 
Database

(33k 
compounds)

CompTox
Chemistry 
Dashboard 

(750k)

Assay hit count (ToxCast) 
and Exposure prediction 

(ExpoCast) data

ToxPi framework and 
data sources from the 

Dashboard

Tool 
Used

Result raw 
data



ToxPi Approach

ToxPi Score= 
Abundance

+ Detection Frequency
+ Assay Hit Count

+ Exposure Prediction

All terms normalized from 0 to 1
0 = minimum

and 
1 = maximum



A1α ToxPi
Scores
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All A1α compounds

# Compound Toxpi
Score

1 1,2-Benzisothiazolin-3-one* 2.99

2 Diethylene glycol 2.38

3 N-[3-(Dimethylamino)propyl]
methacrylamide 2.32

4 Nonylparaben 2.22

5 Dipentyl phthalate 1.89

6 2-[2-(2-Butoxyethoxy)
ethoxy]ethanol* 1.85

7 N,N-Dimethyldodecan-
1-amine* 1.81

8 Sucralose 1.80

9 PFOS* 1.79

10 2-(2-Ethoxyethoxy)
ethyl acetate* 1.76

11 TDCPP* 1.71

12 Zearalanol 1.67

13 PFOA* 1.66

14 Butylparaben 1.66

15 Noristerat 1.65

16 p-Synephrine 1.55

17 Alprostadil 1.55

18 Sclareol 1.55

19 PFDA* 1.51

20 Simvastatin 1.50

Top 20 A1α compounds 
by ToxPi score

*Confirmed with standard
• 16 standards for 91 A1α

compounds
• 15/16 true positives

1,2-Benzisothiazolin-3-one
• Many uses:
 Preservative
 Pesticide
• In 7/9 samples
• Active in 173 out of 565 

Comptox assays 



Product-Use Categories



Identifying Novel Polyfluorinated Alkyl Substances 
(PFASs) in the Tennessee River downstream of 

major manufacturing facilities in Decatur, Alabama

Seth Newton, James McCord, Rebecca McMahen, Andrew 
Lindstrom, James Stoeckel, Michael Chislock, Mark Strynar



Legacy PFASs in Decatur, Alabama

• Known contamination in the area 
from fluorochemical manufacturing 
facilities in Decatur



Single largest peak = 5x 
larger than PFBS peak

~1 μg L−1



• Registered in 
TSCA for 3M in 

Decatur
• See a CO2 loss in 

the spectrum
• Likely byproduct 

of 
Polyvinylidene
fluoride (PVDF) 

production

Carboxylic Acid Series



An Unknown Polyfluorinated Sulfate

Proposed structures for 224.9860 m/z:



Perfluorobutane sulfonamides -
Replacements for Perfluorooctane sulfonamides

“…a new line of fluorochemical
surfactants based on 
perfluorobutane sulfonate 
(PFBS)…potential replacements
for perfluorooctane sulfonate 
(PFOS) based surfactants.” – 3M



The GenX Saga



NTA State-of-the-Science

“The novelty of nontarget analysis, particularly its current
lack of implementation by regulatory agencies, has
prevented the establishment of streamlined quality
assurance and quality control (QA/QC) procedures.”

“No single analytical technique is suitable for the analysis
of all compounds, and successful nontargeted screening
will require the development of multiplatform
approaches, facilitated and validated through
interlaboratory collaborations.”

Slide from Jon Sobus



• How variable are tools and results from lab to lab?
• Are some methods/tools better than others?
• How does sample complexity affect performance?
• What chemical space does a given method cover?
• How sensitive are specific instruments/methods?

EPA’s Non-Targeted Analysis 
Collaborative Trial

Slide from Jon Sobus



Part 1. Ten ToxCast mixtures
95, 185 or 365 substances/mixture

Part 2. Three standardized exposure relevant extracts
Unaltered Fortified

NIST SRM 1957-
Organic Contaminants in Non-fortified Human Serum 

NIST SRM 2585-
Organic Contaminants in House Dust 

Oregon State University-
Outdoor air exposed silicone wrist-bands

Part 3. Individual ToxCast standards
1,269 ENTACT;   4,685 ToxCast all

ENTACT Sample Overview

Slide from Jon Sobus



Who Else is Working on ENTACT?
Contractors: Vendors:

General Participants:

19 Blind submissions

15 Unblinded submissions



Mixture Number
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5 NTA method “controls”

Grade A replicate 90 set

Grade A test substances

Grade A isomers & isobaric compounds

Challenge set of isobaric & <80% purity

ENTACT Mixtures- Brainchild of C. Grulke

10 Prepared Mixtures:
1,939 total spiked substances
1,269 unique substances:

1 spiked 11 times
4  spiked 10 times

57 spiked 4 times
33 spiked 3 times

388  spiked 2 times
786  spiked 1 time



ENTACT Initial Results: Method Coverage

Ulrich EM, et al. (2019) ABC 411:853-866. doi:10.1007/s00216-018-1435-6



Lab Comparison: Total Performance

Bubble Size 
How much coverage?

X-Axis
How often correct?

Y-Axis
How consistent?

Metrics (all %):



Dust Spiking Experiment

Sonication 
Methanol

Silica > Methanol

D. Solvent spike

A. ENTACT and B. 4× dust
spiked before extraction C. Extract Spike

A vs. B- Concentration issues 
B vs. C- Recovery 
C vs. D- Matrix suppression
D vs. E- Dilution issuesE. ENTACT mixture



Losses at Each Stage
Mixture Analysis vs. Spiked Solvent

E vs. D- Dilution issues (29)
D vs. C- Matrix suppression (34)
C vs. B- Recovery (18)
B vs. A - Concentration issues (33)

E
D

C
B

A



Unknown Compound Identified
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2002 - Perfluoroalkyl Sulfonates; 
Significant New Use Rule (EPA)
2004 - UK Draft List of Compounds 
Potentially Degrading to PFOS in 
the Environment

35% American House 
Dust

Rager et al. Env. Int. 2016

Only recently reported in 
literature – Zhang et al, 
Env. Int. 2019



Post-doc Opportunities at the EPA

• ORISE
• Oak Ridge Institute for Science and Education 
• https://orise.orau.gov/internships-fellowships/postdocs.html

• ORAU
• Students or recent grads = “student services contractor”
• https://www.zintellect.com/Catalog

• Federal Postdoc positions (not offered often)
• NRC

https://orise.orau.gov/internships-fellowships/postdocs.html
https://www.zintellect.com/Catalog


What it’s like to work at EPA

• Pros
• Great researchers 
• Working towards a cleaner environment
• More freedom in research than industry
• Stability and opportunities to advance (for permanent employees)

• Cons
• Administrative burden (not always on postdocs)
• Ways of doing things don’t always make sense
• ORISE funding is renewed yearly



Contributing Researchers

EPA ORD (cont.)
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